Thyroid tumors, especially those arising from C (parafollicular) cells, infrequently occur in most species of domestic animals, but in different degrees from species to species.! Ccell carcinoma is common in bulls! and in some strains of laboratory r a k 3 It has a low rate of occurrence in domestic carnivores! and in human^,^ and it has been rarely found in the ovine species. Three cases have been reported in mouflons (Ovis musimon); two of them referred to captured wild subjects,2 and the third mouflon9 lived in captivity. One case8 has been recognized in sheep from 11 subjects infected by inoculation with bovine leukemia virus. Immunohistochemistry was not performed in the former report^,^^^ and in the latter the cytoskeletal intermediate filaments of the tumor cells were not investigated.* C-cell carcinoma has morphological, biochemical, and cytochemical properties that include it in the Apudoma~.~ Immunohistochemistry is a useful diagnostic tool to identify the histogenesis of tumors with different cellular populations or when these cells are capable of expressing various hormonal or enzymatic products as in neuroendocrine neoplasms. I ! The positive staining for some neuropeptides, cytokeratins, and desmosomal proteins and the negative staining for neurofilament proteins characterizes some neuroen-docrine tumors of the epithelial type. In animals with C-cell tumors, the most investigated antigens have been calcitonin, thyroglobulin and rarely neuron-specific enolase, calcitonin gene-related peptide, and/or intermediate filamenk6
Our study was based on histological and immunohistochemical investigations on a case of C cell carcinoma from a group of six seropositive ewes 18 months after they had been experimentally infected with the Maedi/Visna virus (MVV). At necropsy, samples were taken from organs (lungs, mammary gland, spleen, lymph nodes, liver, heart, kidneys, adrenal glands, thyroid and parathyroid glands, pancreas, brain, and spinal cord) and from articular joints to find out the presence of MW-induced lesions. Simultaneously, explants were carried out for virus isolation.
Samples for light microscopy and immunohistochemistry were fixed in buffered formalin (pH 7.3) and were paraffinembedded. Four-pm sections were stained with hematoxylin and eosin and Congo Red for amyloid (with and without potassium permanganate pretreatment). Immunostaining was done by the avidin-biotin complex (ABC) technique. Briefly, dewaxed sections were treated with 1% hydrogen peroxide in methanol for 30 minutes to inactivate endogenous peroxidase. Sections were then incubated with normal goat or horse serum to block nonspecific binding of the secondary antibodies. The primary antisera were applied using the following dilutions in Tris-buffered saline (TBS, pH 7.4) at 4 C overnight: 1 : 1,000 for rabbit anti-human calcitonin, 1 : 1,000 for rabbit anti-human thyroglobulin, 1 : 200 for antibovine synaptophysin, 1 : 500 for anti-human NSE, 1 : 200 for anti-human neurofilaments, and 1 : 300 for anti-human vimentin, 1 : 300 for anti-bovine cytokeratin (after Pronase 1% in TBS treatment for 25 minutes) (SIGMA, St. Louis, MO); the previous antisera were supplied by DAKO (Milan, Italy). Both biotinylated goat antirabbit IgG and biotinylated horse anti-mouse IgG (Vector, Burlingame, CA) were diluted 1 : 100 and applied for 30 minutes at room temperature. ABC (Vectastain ABC elite, Vector) was employed for 30 minutes at room temperature. Sections were incubated in 3,3'-diaminobenzidine containing hydrogen peroxide (0.0 1%) for 5 minutes and counterstained with Hams's hematoxylin. Diaminobenzidine often was added with nickel to increase the staining reaction. Control sections were camed on with serum from normal goat or horse instead of specific antibody. For further control of antibody-positive reaction, sections of thyroid and brain of healthy sheep were used.
At necropsy, slight changes, although typical of lentiviral infection, were discovered in lungs and in carpus synovial membranes. A nodular growth was present in the right thyroid lobe. The nodule appeared white, round, firm, and 4-5 mm in diameter. The margins of the lesion were not surrounded by a connective capsule. No other endocrine neoplasia and/or metastases were observed. Histologically, the tumor mass was not surrounded by a connective capsule and the peripheral follicles appeared compressed. The neoplasm had a solid pattern and consisted of polygonal or spindleshaped cells with abundant eosinophilic cytoplasm, a round or elongated nucleus, and a prominent nucleolus. The neoplastic cells were separated into nests of various sizes by a thin connective tissue network, which appeared focally expanded by the presence of an eosinophilic amorphous substance throughout the neoplasm (Fig. 1) .
Congo Red staining showed positive reaction for amyloid; foci were observed in strorna and in the center of some neoplastic lobules (Fig 2) . Pretreatment with potassium permanganate has not changed the positive reaction to the Congo Red staining. A few follicular structures, which contained colloid, were entrapped at the periphery of the tumor mass. In the remaining tissue of both thyroid lobes, there were mdticentric areas of C-cell hyperplasia, consisting of more than 10-1 5 cells. Thyroid follicles were partially compressed by the hyperplastic C cells.
In Table 1 , the results and grading of the immunocytochemistry are summarized. In detail, NSE showed strong immunoreactivity in hyperplastic, neoplastic (Fig. 3) , and normal C cells. The positive immunoreaction was intense in both tumor ( Fig. 4) and hyperplastic cells when SY38 was used, and granular staining resulted in the cytoplasm. The antibody to calcitonin reacted more strongly with the hyperplastic and normal C cells (Fig. 5 ) than with neoplastic C cells, which were only weakly stained. Positiveness to calcitonin immunostaining was also observed in amyloid, which reacted unevenly. Sections of normal thyroid gland showed marked SY38 and calcitonin immunostaining of scattered C cells; positive cells were in the interfollicular tissue and wedged between follicular cells lining the follicles. Immunoreactivity for thyroglobulin ( Fig. 6 ) appeared intense in follicular epithelium and in colloid while neoplastic C cells were uncolored. Inside the tumor mass, only some remaining follicles, which are encircled by neoplastic growth, were also stained. Follicular epithelium and hyperplastic and tumor cells were positive for cytokeratin, strongly and evenly as in normal thyroid gland. Vimentin immunostaining was lacking in all of the thyroid cells, while the stromal network was finely stained. Neurofilament immunostaining was not noted in the carcinoma or control sections. No reaction was seen in control sections treated with normal serum instead ofthe specific antibodies.
The pathologic features and immunocytochemical findings of our case have some similarities with the tumors observed in cattle and humans. An interesting aspect seems to be the presence of amyloid (APUD-amyloid) that is frequently observed in C-cell carcinoma of humans. lo Amyloid has been partially, not homogeneously, stained by the calcitonin antibody. It showed a more remarkable reaction toward hyperplastic C cells in regard to tumor cells. Hyperplasia of C cells is considered a precancerous lesion,'2 and it is observed in longstanding hyper~alcemia;~ however, it is not yet clear whether or not hyperplasia always represents the preneoplastic lesion. In our case, immunohistochemistry shows that NSE antigen was intensely expressed in neoplastic, hyperplastic, and normal parafollicular cells but not in the follicular epithelium. Because NSE was shown also in thyroid follicular cell tumors,* it does not appear as a characteristic of neuroendocrine differentiation. Wiedenmann et al. I 1 pointed out in neuroendocrine tumors that synaptophysin is a good marker for both neural and epithelial cell types. In our study, we have found positive staining for the SY38 antibody in tumor, hyperplastic, and normal C cells. Finally, the negative staining for neurofilaments and positive staining for cytokeratin Vet Pathol326,1995 confirm the epithelial type of this neuroendocrine neoplasm, although some of these tumors are capable of coexpressing both classes of intermediate fi1aments.l'
